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(54) [Title of the Invention] A powder and a method for manufacturing a high density sintered 
body 

(57) [Abstract] 

[Problem] The present invention intends to provide a powder and a method for stably 

manufacturing sintered parts of high sintering density by pressing. 

[Means for Solving] A mixed powder obtained via blending a granulated powder which is 

manufactured by granulating a powder small in average granular diameter with a powder large in 

average granular diameter, and a manufacturing method of a high density sintered body, 

comprised of molding and sintering said mixed powder. 

[Effect] 

[Scope of Patent Claims] 

[Claim 1] A powder for manufacturing a high density sintered body, said powder comprising a 

mixed powder via blending a granulated powder which is manufactured by granulating a powder 

small in average granular diameter with one large in average granular diameter. 

[Claim 2] A manufacturing method of a high density sintered body, said manufacturing method 

comprising: blending the granulated powder which is manufactured by granulating the powder 

small in average granular diameter with one large in average granular diameter to give a mixed 

powder, then molding and sintering said mixed powder. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field of the Invention] The present invention relates to a powder and a method for 
manufacturing a sintered body via a powder metallurgy process. 
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[0002] 

[Prior Art] Parts sintered via a powder metallurgy process are characterized by having no 
limitation with regard to shape and can be accurately manufactured as small complicated parts 
without the need of machine processing. Thus, parts sintered via a powder metallurgy process 
have recently come to be known as parts which can be used for machines, automobiles, and 
electric home appliances. These sintered parts are manufactured, for example, by injection 
molding or pressing of stainless steel powder to form and sinter a specific shape of compacts. 
[0003] 

For manufacturing such sintered parts, recently it has been required to maintain, in particular, the 
sintering density as well as the mechanical strength at a high level. For example, sintered parts 
comprised of stainless steel powder as raw material have come to be commonly used in parts for 
automobile exhaust gas systems. These parts are required to have high sintering density for 
preventing the leakage of fuel gas, no open holes, strength to resist the stress resulting from 
vibration of the automobile, and resistance to oxidization and corrosion by gas and the like. 
[0004] 

With these parts, the relative density, which is a ratio of the actual measured density to the true 
density, has been used as a standard for the sintering density. It is required to be at least 93% and 
preferably over 95%. It is said that sintered parts with relative densities of 93% or over 95% do 
not have opening holes, that is, holes penetrating the thickness of the sintered parts. 
[0005] 

Several methods for manufacturing these sintered parts result in a high sintering density. For 
example, Japanese unexamined patent application publication No. 1995-316603 disclosed that "a 
sintered body having a relative density of 95% or greater can be obtained and high-mechanical 
properties can be stably achieved" by using "a powder for a high density and high strength 
sintered body that is characterized by having an average granular diameter of 1 ljim or less and in 
which granules of 21 urn or greater make up less than 17.5 wt% of the total powder content." 
[0006] 

[Problem to be Solved by the Invention] However, when attempting to use the method disclosed 
in Japanese unexamined patent application publication No. 1995-316603 as a manufacturing 
method of high density sintered parts, the following problems occur. Briefly, (1) since the 
average granular diameter of the powder is too small, when manufacturing sintered parts by a 
pressing method using such powder, the powder is not fed into the molding device. Therefore, 
sintered parts of normal shape cannot be obtained. In the embodiment described in Japanese 
unexamined patent application publication No. 1995-316603, the parts are manufactured merely 
by an injection molding method; and (2) since a powder small in average granular diameter is 
generally expensive, it is uneconomical to manufacture sintered parts with such powder alone. 
[0007] 

The present invention was developed in consideration of said circumstances. It intends to provide 
a powder and a method for stably manufacturing sintered parts of high sintering density by a 
pressing method. 
[0008] 

Traditionally, for manufacturing sintered parts by a pressing method, powder represented by - 
100 mesh product has been used as raw material, which has only produced parts with a low 
relative density of 85%. However, the present invention intends to provide a powder and a 
method that enables the simple and inexpensive production of sintered parts with a sintering 
density of 93% or greater by a pressing method. 
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[0009] 

[Means for Solving the Problem] The present inventors have conducted various studies in order 
to solve said problems. As a result, it was found that said problems can be solved and sintered 
parts of high sintering density produced by granulating a "powder small in average granular 
diameter" (hereinafter referred to as "fine powder") to give a granulated powder, forming said 
granulated powder to have an average granular diameter substantially the same as that of a 
powder large in average granular diameter (hereinafter referred to as "general powder"), then 
blending said granulated powder and said general powder to give a mixed powder, and 
forming/sintering said mixed powder. 
[0010] 

Wherein, raw fine powder and raw general powder of the present invention are metallic powders. 
The present invention can be utilized with metallic powders including iron, iron alloy (for 
example, stainless steel, silicon steel, structural steel, tool steel, high-speed steel, alnico alloy, 
Sendust alloy, Permendur alloy, Permalloy alloy, etc.), nickel, nickel alloy (Permalloy, etc.), 
chromium, chromium alloy, cobalt, cobalt alloy, titanium, titanium alloy and the like. 
[0011] 

The fine powder used in the present invention is preferably a metallic powder with an average 
granular diameter of 1-lOO^im. Attempting to granulate metallic powder with an average granular 
diameter of 1 ^m or less increases the cost due to the increase in the required volume of binder 
and the additional time for removing the binder. In addition, when the average granular diameter 
of raw metallic powder exceeds lOOjxm, the sintered parts formed with the granulated powder 
comprised of said powder have low filling density. The density does not increase after sintering 
the parts, and further, the dimension accuracy deteriorates. Accordingly, the upper limit of the 
average granular diameter of raw fine powder is determined to be 100|im. Taking into 
consideration the manufacturing conditions and economic efficiency of raw fine powder, the 
preferred average granular diameter of raw metallic powder falls between 2|im-60|xm. 
[0012] 

Next, in order to granulate raw fine powder, the fine powder is fed into a granulating device, and 
a binder is added thereto and mixed therein to be granulated. Although any of mixing granulation, 
forced granulation or heat granulation can be used as a granulating method, rolling mixing 
granulation that uses a rotating disk, rotating cylinder, and rotating cone is preferred. In addition, 
a binder, such as organic materials including polyvinyl alcohol, polyvinyl pyrolidone, wax, arid 
agar along with a mixture of water and said organic material, is used. 
[0013] 

Regarding the binder, such as polyvinyl alcohol, in order to be added in the manufacturing 
process of the granulated powder, it is not particularly necessary to include a removing process. 
The binder is removed simultaneously with a lubricant in a degreasing process after the mixed 
powder is formed. If it is difficult to remove the binder in comparison with the lubricant due to 
the difference in the nature of the binder to be added in the granulating process and that of the 
lubricant to be added in the forming process, it is necessary to adjust the degreasing conditions, 
such as by extending the degreasing time or the degreasing temperature. 
[0014] 

Regarding the sintering conditions for blending the granulated powder and the general powder to 
give the mixed powder, and then forming and sintering the mixed powder, known sintering 
conditions can be applied; for example, sintering under a hydrogen atmosphere that is typically 
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used, sintering under an inert atmosphere, such as nitrogen, argon, etc., and sintering under a 

reduced pressure, vacuum, and oxidizing atmosphere. 

[0015] 

[Embodiment] The summary of the present invention will be explained in detail below. 
[0016] 

[Embodiment 1] As fine powder, 50kg of stainless steel (SUS316L) powder obtained by a water- 
atomizing method with the granular diameter distribution shown in Table 1 was fed into a rolling 
current granulating device (manufactured by Powrex Corp.). While rotating the disk part, 5% 
PVP (polyvinyl pyrolidone) solution containing methyl alcohol as solvent was continuously 
supplied as a binder for the granulation. The conditions were determined to be as follows: air 
supply volume: approx. 8.5m 3 /hr, charge air temperature: 70°C, revolution of the rotating disk 
part: approx. 205rpm, temperature of the granulated powder: approx. 35°C, supply volume of the 
binder: approx. 1 lOg/min, granulating time: 180 minutes, and drying time: approx. 10 minutes. 
[0017] 



Granular 
diameter 
(urn) 


+40 


-40 

—+-30 


-30 
~+20 


-20 
~+10 


-10 


Average 
granular 
diameter 
(urn) 


Mass 
ratio 
(%) 


2.9 


4.3 


13.1 


29.2 


50.5 


9.88 



From the granulating process, granulated powder having the granular diameter distribution 

shown in Table 2 was obtained. 

[0018] 

[Table 2] 



Granular 
diameter 
(urn) 


+177 


-177 
-+149 


-149 

-+105 


-105 
~+74 


-74 
~+44 


-44 


Mass ratio 
(%) 


0.3 


5.4 


15.0 


14.6 


22.1 


42.6 



Next, for the general powder, the granulated powder shown in Table 2 was mixed with a 
stainless steel (SUS316L) powder obtained by a water-atomizing method having the granular 
diameter distribution shown in Table 3 to give the mixed powder (said general powder is 
typically a so called powder -100 mesh product). When producing the mixed powder, the 
blending ratio of the granulated powder and the general powder was changed in various ways. 
[0019] 



Granular 
diameter 
(urn) 


+177 


-177 
-+149 


-149 
-+105 


-105 
~+74 


-74 
~^44 


-44 


Mass ratio 
(%) 


0.0 


0.4 


8.1 


19.4 


33.0 


39.1 
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A sample was produced by adding commercial ACRAWAX (manufactured by LONZA Japan) 
as a lubricant at 0.5% by weight to the mixed powder and pressing at 6-8t/cm of molding 
pressure using a pressing machine. After the sample was sintered at 1200°C for 1 hour in a 
sintering furnace under a hydrogen atmosphere, the sintering density was measured. 
[0020] 

From the results shown in Table 4 5 it was found that sintered parts having a relative density of 
93% or greater can be manufactured by changing the blending ratio of the general powder and 
the granulated powder as well as the molding pressure. 
[0021] 
[Table 4] 



Blending ratio 
(Mass ratio) 


Relative density (%) 


Molding pressure (t/cm 2 ) 


General 
powder 


Granulated 
powder 


6 


7 


8 


100 unit 


Ounit 


84.4 


86.5 


88.3 i 


75 unit 


25 unit 


87.5 


89.6 


90.4 


50 unit 


50 unit 


89.7 


91.1 


91.9 


25 unit 


75 unit 


92.2 


93.0 


93.6 


Ounit 


100 unit 


93.8 


94.7 


95.6 



[0022] 

[Embodiment 2] Next, in order to investigate the influence of the sintering temperature on the 
sample formed under the same conditions as in embodiment 1, the sample was sintered at 
1300°C for 1 hour under a hydrogen atmosphere. 
[0023] 

From the results shown in Table 5, it was found that the range in which sintered parts having a 
relative density of 93% or greater can be manufactured can be expanded by raising the sintering 
temperature. 
[0024] 



Blending ratio 
(Mass ratio) 


Relative density (%) 


Molding pressure (t/cm 2 ) 


General 
powder 


Granulated 
powder 


6 


7 


8 


100 unit 


Ounit 


86.7 


88.7 


90.8 


75 unit 


25 unit 


90.0 


92.1 


93.0 


50 unit 


50 unit 


93.0 


93.6 


94.2 


25 unit 


75 unit 


94.6 


95.7 


96.0 


Ounit 


100 unit 


96.0 


96.2 


97.2 



[0025] 

[Embodiment 3] Using the same fine powder as in embodiment 1, by the same method as in 
embodiment 1, the granulated powder, shown in Table 6, of a smaller granular diameter than that 
of embodiment 1 was obtained. 
[0026] 



Granular 


+74 


-74 


-63 


-44 


diameter 




~+63 


~+44 
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(^m) 










Mass 
ratio 

(%) 


2.8 


9.3 


23.6 


64.3 



Next, a mixed powder was produced by blending the granulated powder shown in Table 6 and 
stainless steel (SUS316L) powder as the general powder obtained by a water-atomizing method 
with a granular diameter distribution as shown in Table 7. 
[0027] 

[Table 7] 



Granular 
diameter 
(^tm) 


+74 


-74 

~+63 


-63 
~+44 


-44 


Mass 
ratio 

(%) 


1.1 


12.8 


25.7 


60.4 



A sample was produced by adding commercial ACRAWAX (manufactured by LONZA Japan) 
as a lubricant at 0.5% by weight to the mixed powder and pressing at 6-8t/cm of molding 
pressure using a pressing machine. After the sample was sintered at 1300°C for 1 hour in a 
sintering furnace under a hydrogen atmosphere, the sintering density was measured. 
[0028] 

From the results shown in Table 8, it was found that sintered parts stably having a relative 
density of over 93% can be manufactured by creating a uniform finer granular diameter of fine 
powder, general powder, and granulated powder. 
[0029] 



Blending ratio 


Relative density (%) 


(Mass ratio) 


Molding pressure 


(t/cm 2 ) 


General 


Granulated 


6 


7 


8 


powder 


powder 








100 unit 


0 unit 


90.5 


92.3 


92.8 


75 unit 


25 unit 


93.5 


93.9 


95.1 


50 unit 


50 unit 


95.4 


95.6 


95.8 


25 unit 


75 unit 


96.3 


96.6 


97.0 


Ounit 


100 unit 


97.3 


97.2 


97.3 



[0030] 

[Embodiment 4] The same experiment was conducted for stainless steel (SUS410L) obtained by 
a water-atomizing method. A granular diameter distribution of fine powder, granulated powder, 
and general powder substantially the same as that of embodiment 1 was used. In addition, the 
granulating and sintering conditions applied to embodiment 1 were employed. 
[0031] 

From the results shown in Table 9, in the case of using SUS410L from among stainless steels, it 
was found that a sintered body stably having a relative density of 93% or greater can be obtained 
even at a sintering temperature of 1200 °C. 
[0032] 
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[Table 9] 



Blending ratio 


Relative density (%) 


(Mass ratio) 


Molding pressure (t/cm 2 ) 


General 


Granulated 


6 


7 


8 


powder 


powder 








100 unit 


Ounit 


88.6 


89.9 


90.9 


75 unit 


25 unit 


93.0 


93.2 


93.9 


50 unit 


50 unit 


95.1 


95.2 


95.5 


25 unit 


75 unit 


96.4 


96.1 


96.6 


Ounit 


100 unit 


96.9 


96.9 


97.4 



As shown above, by appropriately selecting the granular diameter of fine powder/granulated 
powder/general powder, the blending ratio of the granulated powder and the general powder, the 
molding pressure, the sintering temperature and the like, sintered parts having a sintering density 
of 93% or greater can be stably manufactured. In particular, selecting the blending ratio of the 
granulated powder and the general powder is important. Moreover, it is necessary to select an 
optimal blending ratio after ensuring a relative density of 93% or greater and take into 
consideration the conditions, such as required relative density, cost and the like. 
[0033] 

[Effect of the Invention] According to the present invention, sintered parts of high sintering 
density can be manufactured by granulating powder small in average granular diameter to give a 
granulated powder, blending said granulated powder and a powder large in average granular 
diameter to produce a mixed powder, and molding/sintering said mixed powder, and the effect of 
the invention is significant. 
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